Production costs for commercial fertilizers continue to increase because of demand. For many years, animal
resources optimally.
year. At all sampling dates, the NO 3 -N concentration was greater
The objective of this study was to quantify input than NH 4 -N while total N decreased during the maximum uptake in (broiler litter nutrients), output (plant uptake and soil late spring and summer. Both total P and Mehlich-3 extractable P residual content), and year-round dynamic/transforma- taining optimum forage production compatible with litter application rates recommended for the Mississippi area. R epeated applications of manure to crop and pasture lands may cause a significant buildup of nutri-MATERIALS AND METHODS ents and salts in soils; particularly in poultry producing regions of the south-central and southeastern USA The study was conducted as part of a larger ongoing study (Eghball and Power, 1999; Simrad et al., 1995; Carpen- on a farm near Mize, MS (31Њ48Ј N, 89Њ36Ј W), on a Savannah fine sandy loam (fine-loamy, siliceous, semiactive, thermic ter, 1992). Most areas with intensive domestic livestock Typic Fragiudult). Plots were 2 by 6 m, separated by 1-m alleys and pasture systems have begun monitoring farm import and established on a site that has been receiving broiler litter and export of elemental nutrients (Van Horn et al., Mg ha Ϫ1 yr Ϫ1 ) for more than 30 yr. Soil samples at 1996). For a farm to be sustainable, its nutrient budget 0-to 5-and 5-to 10-cm depths were collected from plots should balanced, at least after soil background nutrient already established with common bermudagrass and hybrid reserves are brought up to desired levels for sustainable bermudagrass cultivars Coastal and Tifton 85 (Burton, 1954;  production. If a net nutrient loss occurs over a long Burton et al., 1993) in a randomized complete block design time, the soil will become depleted. On the other hand, replicated four times. Bermudagrass cultivars selected repreif there is excess of nutrients, potential for leaching and sent those which are available and frequently used by producsurface runoff will become greater. Environmentally, N ers in the Southeast. In 2000, soil collection started in January and continued on a monthly basis until December. However, and P are considered the most critical manure nutrients based on soil analyses from the Year 1, it was decided that with regard to buildup in soil, surface runoff, and loss were taken for the forage dry matter (DM) determination sistani@wku.edu).
after samples were dried at 65ЊC for 48 h. Published in Agron. J. 96:525-530 (2004 Mg ha Ϫ1 yr Ϫ1 (7 tons acre Ϫ1 ), the following quantities of (Mulvaney, 1996) 
Hybrid bermudagrass cultivars Coastal and Tifton 85
The ashed samples were used for the following analyses: total produced significantly greater annual DM yield than P, K, Ca, Mg, Cu, Fe, Mn, and Zn using the ICP. Initial soil common bermudagrass. However, Tifton 85's mean DM chemical properties and total broiler litter nutrient content are presented in Table 1. was numerically greater than Coastal by 1824 kg ha
Ϫ1
Data were analyzed using the PROC GLM procedure of ( Annual nutrient uptake was calculated as the product of DM yield and the forage nutrient concentration at each harvest and then summed over all harvests for the Table 2 . Annual dry matter (DM) yield and uptake of selected yearly basis. Nitrogen uptake followed the same trend plant nutrients by bermudagrass cultivars (mean of 2 yr).
as DM yield, with Coastal and Tifton 85 removing signif- Coastal and common bermudagrass ( these nutrients supplied by broiler litter application were 471, 328, and 414 kg ha Ϫ1 (mean of 2 yr), respecreported that hybrid bermudagrass cultivars remove high quantities of K (Day and Parker, 1985) . It should tively. Therefore, annual removal efficiency of N, P, and K by Tifton 85 (most efficient cultivar among the three) also be noted that in spite of small P uptake from soil by bermudagrass, removal of litter-derived P in the form relative to total application was 73, 18, and 114%, respectively. It is obvious that fertilization of forages by of hay would curtail P buildup in soil for the long term (Sims and Wolf, 1994; Brink et al., 2001 ). broiler litter to meet N need of the forage may result in overapplication of P, which in the long term may Based on calculations from Table 1 , the quantities of Cu, Fe, Mn, and Zn applied by broiler litter (mean of cause P buildup in soil and potential for environmental problems, as previously reported by others (Sims, 1995) .
2 yr) were 9, 13, 10, and 7 kg ha
, respectively. Some of the micronutrients, particularly Cu and Zn, are norIn contrast to P, all bermudagrass cultivars were very efficient in K removal, particularly Tifton 85. It has been mally added to broiler feed as dietary supplements to improve weight gain, prevent diseases, and control the ( Fig. 1) . High N concentration in the soil surface was growth of fungus in the feed (Han et al., 2000) . Micronudue to surface application of broiler litter without any trients removed by bermudagrass cultivars tested in this incorporation. Total N decreased slightly during high study were very low (Table 2) relative to quantities demand for N by bermudagrass (June to October) when supplied by litter application. However, concentrations optimum environmental conditions such as soil moisture of these metals in soils are usually low; hence, only a also existed for bermudagrass growth. Total N at both very long-term broiler litter application may cause high soil depths was much greater in December 2001 relative accumulation in soils (Wood and Hattey, 1995) .
to January 2000, the start of this experiment. The NH 4 -N and NO 3 -N fluctuations were drastic, particularly right
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after litter applications in mid-May and July (Fig. 1) . The NO 3 -N concentration in soil surface was greater Total N content for 0-to 5-and 5-to 10-cm soil depths was 1.50 and 0.50 g kg previous-year activities (Fig. 2 ). Both total P and Meh- during the 2-yr span. The P buildup in soil with longterm litter application, on the basis of N requirement tions of micronutrients Cu, Fe, Mn, and Zn in soil varied of the crop, is also reported by many other investigators throughout the year with greater concentrations during (Sharpley et al., 1994; Eghball et al., 1996) . late spring and summer. This fluctuation may have been Total soil C increased from approximately 11 g kg Ϫ1 influenced by soil moisture and temperature at the time in January 2000 to 18 g kg Ϫ1 by December 2001. The of soil sampling. Soil test concentrations for these microincrease in soil C due to manure application is also nutrients were within the sufficiency ranges listed for reported by other studies (Rasmussen et al., 1998; Nya- Coastal bermudagrass, except for Cu, for which the soil katawa et al. (Table 3) . Other studies have reported that manure application increases CONCLUSIONS soil pH (Warren and Fonteno, 1993; Cooper and Warman, 1997; Eghball and Power, 1999) . However, soil
This study was designed to evaluate the nutrient dypH has also been shown to decline in some manurenamics in soil throughout the year when broiler litter amended soils (Chang et al., 1990; King et al., 1990) ; is the sole source of nutrients. Determination of critical hence, the effect of manure on soil pH may vary and nutrient balances in soil with regard to environmental depend mainly on the manure source and soil characterimplications requires knowledge of nutrient input credistics.
ited to manure, nutrient removal by plants, and losses Tables 3 and 4 show Ca, Mg, K, Cu, Fe, Mn, and that may occur within manure management and crop Zn concentrations in soil for 2000 and 2001. Calcium production systems. Broiler litter is rich in P and some concentration was greater during spring and summer micronutrients relative to the quantities required by compared with fall and winter months. Magnesium and plants. As indicated by results of this study, P, Cu, and K concentrations in the soil did not change substantially Zn, and potentially Mn and Fe, may accumulate in soil receiving long-term broiler litter, unless continuous soil from month to month or season to season. Concentra- 
